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Anton Meyer & Co. AG 



Phacoemulsification needle 



Field of the invention 



This invention relates to a phacoemulsification needle for an 
ultrasonic surgical instrument, the needle being designed for 
promoting cavitation in eye tissue and for the removal of frag- 
mented lens from the eye. 



Background of the invention 

Phacoemulsification has become the preferred form of cataract, 
i.e. a cloudy eye lens , removal . One of the main advantages of 
phacoemulsification is, that only a small incision into the cor- 
nea or sclera of an eye is needed to remove the cataract. Fur- 
thermore, the removal of the cataract can be done very quickly. 
After the cataract is removed, an intraocular lens is inserted 
to replace the original lens. 

The phacoemulsification technique uses a hand held microsurgical 
tool known as phacoemulsif ier . This phacoemulsif ier ' comprises a 
handpiece and a small diameter needle with a tip to be inserted 
into the small incision of the eye. The needle and therefore the 
tip are vibrated by an ultrasonic source. It breaks the cataract 
into small fragments and pieces, which are sucked out through 
the same tip in a controlled manner. The tip is therefore de- 
signed for emulsifying, fragmenting and/or cutting tissue and 
also comprises a central hollow bore or lumen for the suction or 
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aspiration of the fragments. 



During the procedure, an irrigation solution is introduced to 
maintain the pressure and to prevent the eye from collapsing, in 
order to introduce the irrigation solution, the needle is usu- 
ally covered by a sleeve and the solution flows via the space 
between this sleeve and the needle. The solution is therefore 
also used to cool the tip, which is heating up during the 
phacoemulsification. 

Usually, the needle and often the handpiece must be changed af- 
ter the removal of the cataract nucleus in order to remove the 
residual cortex, it takes time to change the handpiece and the 
continuation of the surgery is disrupted. 

US-A-5'653'724 discloses a phacoemulsification needle which is 
angled to provide more comfortable ergonomic angle during 
Phacoemulsification and lens cortex removal. This angled needle 
is also considered to produce less heat when emulsifying the 
lens. Another angled phacoemulsification needle with a concen- 
tric sleeve is disclosed in US-5'993'409. 

Different shapes of phacoemulsification needles with slits, a 
second infusion hole and/or with increased outside diameter at 
the distal end of the needle body and the needles being sur- 
rounded by sleeves are described in DS-A-5' 989' 209, US-A- 
6'159'175, EP-A-1'103'238, WO 00/74615 and US 2002/0099325. 

Other techniques for cataract removal use laser energy to remove 
the cataract. A laser/aspiration probe is used for breaking and 
removing the lens. A separate infusion or irrigation probe is 
used for the irrigation solution. 
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Summary of the invention 

It is an object of the invention to provide a phacoemulsifica- 
tion needle which can be used for the removal of the cataract 
nucleus as well as the residual cortex. 

This object is achieved with a phacoemulsification needle com- 
prising 

a shaft, 

a tip, disposed at a distal end of said shaft; said tip hav- 
ing a larger outer diameter than said shaft and 
an aspiration lumen extending through said shaft and said 
tip, the tip having an opening communicating with said aspi- 
ration lumen, 

wherein said tip has a ball-shaped surface and wherein the 
tip has a flat distal end comprising said opening. 

This object can also be^ achieved with a phacoemulsification nee- 
dle comprising 
a shaft, 

a tip, disposed at a distal end of said shaft, said tip hav- 
ing a larger outer diameter than said shaft and 
an aspiration lumen extending through said shaft and said 
tip, the tip having an opening communicating with said aspi- 
ration lumen, 

wherein said tip has a curved shape and wherein the tip has a 
distal end comprising said opening, 

' ' . * > . 

This object can also be achieved with a phacoemulsification nee- 
die comprising : 
a shaft, 

a tip, disposed at a distal end of said shaft, said tip hav- . 



ing a larger outer diameter than said shaft and 
an aspiration lumen extending through said shaft and said 
tip,, the tip having an opening communicating with said aspi- 
ration lumen, 

wherein said tip has a curved shape, the tip comprising a 
distal end and at least two openings being arranged in the 
region of said distal end. - . 



with this ball -shaped or curved tip design and the opening ar- 
ranged at the distal end or the at least two openings being ar- 
ranged in the region of said distal end, it is possible to re- 
move both the cataract nucleus and the residual cortex. . 

This tip can be used for irrigation and aspiration- Without hav- 
ing to change the tip and therefore having the advantage that 
time can be saved. The tip can be used for irrigation and/or as- 
piration if desired. It can not only be used for phacoemulsifi- 
cation, but also for cortical removal and for polishing the cap- 
sule. 

The needle according to the invention can be used with or with- 
out an irrigation sleeve. 

in. preferred embodiments, the tip has a ball-shaped, round, 
spherical, oval or smooth continuous curved shape. 

in a preferred embodiment, the tip has at its distal end rounded 
edges. This avoids unwished damage of tissue. Due to the inven- 
tive shape of the tip, especially its broad and smooth spherical 
surface area of the tip, no damage to the posterior capsule can 
occure . 



in a preferred embodiment, the tip comprises a slit extending in 
longitudinal direction of the needle, when a high vacuum setting 
is used with the phacoemulsif ier, the anterior chamber, formed 
of a part of the lumen extending in the tip, becomes unstable 
when occlusion break occurs. In this case, small amount of irri- 
gation fluid will continue to flow through the aspiration lumen. 
Furthermore, when occlusion surge occurs, the amount of surge 
can be reduced. Instead of the slit, an opening can be provided 
in a region adjacent to the tip. 

The tip can comprise more than one opening of the lumen, these 
openings being arranged in the region of the distai end. In this 
case, the distal end can have instead of a flat shape a rounded 
one. This embodiment even increases the safety from rupturing 
the posterior capsule. 

Further preferred embodiments of the invention are described in 
the dependent claims. 



Brief description of the drawings 

The present invention will be more clearly understood with ref- 
erence to the following detailed description of preferred em- 
bodiments, taken in conjunction with the accompanying drawings, 
in which 

Figure 1 shows a perspective view of a needle according to the 
invention in a first embodiment; 

Figure 2 shows a side view of the needle according to figure i, 

Figure 3 shows a longitudinal view of the needle according to 



figure 1; 

Figure 4 shows a magnified part of the needle tip according to 
figure 3; 

Figure 5 shows a front view of the needle according to figure 1; 

Figure 6 shows a front view of a needle according to a second 
embodiment ; . 

Figure 7 shows a perspective view of a needle according to the 
invention in a third embodiment; . 

Figure 8 shows a side view of the needle according to figure 7; 

Figure 9 shows a longitudinal view of the needle according to 
figure 7; 

Figure 10 shows a magnified part of the needle tip according to 
figure 7; 

Figure 11 shows a front view of the needle according to figure 7; 

Figure 12 shows a side view perspective view of a needle accord- 
ing to the invention in a fourth embodiment ; 

Figure 13 shows a longitudinal view of the needle according to 
figure 12; 

Figure 14. shows a magnified part of the needle tip according to 
figure 13; 

Figure 15 shows a front view , of the needle according to figure 
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Figure 16 shews a side view of a needle according to the inven- 
tion in a fifth embodiment; 

Figure 17 shows a longitudinal of the needle according to figure 
15; 

Figure 18 shows a magnified part of the needle tip according to 
figure 17; 

Figure 19 shows a longitudinal view of a needle according to the 
invention in a sixth embodiment; 

Figure 20 shows a perspective view of the needle according to 
figure 19 and 

Figure 21 shows a front view of the needle according to figure 



19. 



Description of the preferred embodiments 

With reference to figures l and 2, there is ^hown a phacoemulsi- 
fication needle in accordance with the present invention . The 
needle may be formed from any conventional material as is known 
in the art for the manufacture of phacoemulsification needles. 
Usually, it is made of titan. 

The needle comprises, starting with its proximal end and ending 
with its distal end, a threaded portion 1, a hub 2, a shaft 3 
and a tip 6 having at least one opening. The. threaded portion 1 
and the hub 2 are used to fix the needle on a ultrasonic device 



of the phacoemulsification, handpiece (not shown) in order to 
couple ultrasonic energy to the needle. 

The needle further comprises, with reference to figures 3 and 4, 
an aspiration lumen 4 extending through the whole longitudinal 
length of the needle shaft 3 and communicating with the opening 
of the tip for aspiration of irrigation fluid and therefore for 
removal of fragments and pieces of the cataract nucleus- and re- 
sidual cortex. Preferably, the lumen 4 comprises a first step 40 
in the region of the hub 2 neighboring the shaft 3 , The first 
diameter dX of the part of the lumen extending within the hub 2 
is therefore larger than the second diameter d2 of - the lumen 
part extending within the shaft 2. This first step 40 has pref- 
erably a conical shape. 

A second step 41, which has preferably also a conical shape, is 
located within the tip 6, wherein the second diameter d2 is 
smaller than a third diameter d3 of the lumen part extending 
within the shaft 2. This diameter d3 corresponds with the diame- 
ter of the opening of the tip 6. 

With exception of the . steps 40,. 41, the lumen 4 preferably has 
throughout, its whole length the same size. In particular the lu- 
men part extending in the. tip 6 has a cylindrical shape. 

The shaft 3 is preferably angled. However, it is also possible 
to have a rectilinear shaft. In the here described embodiment 
however, the shaft 3 comprises an angled portion 5 neighboring 
the tip 6. The aspiration lumen 4 within the tip extends in a 
rectilinear way. 

The tip € as shown in figure 5 as well and which is arranged at 
the distal end of the shaft 3, has a larger outer diameter D2 



than the outer dimeter Dl of the shaft 3. Furthermore, it has a 
ball-shaped surface 60 and a flat distal end 62. In this pre- 
ferred embodiment, the flat distal end 62 is formed by the open- 
xng. However, the opening can also be smaller, so that the end 
face of the tip 6 is flat, in the here described embodiment how- 
ever, the end face is formed by rounded blunt edges 61 The 
above mentioned second step 41 is preferably located in the tip 
.6 itself at a distance to the transition of the ball-shaped sur- 
face 60 to the surface of the. shaft 3. in figure 4/ a curved 
line l is shown at the distal end of the tip 6. This line 1 is 
just an auxiliary line showing that, with exception of the flat 
distal end, the tip has a completely spherical surface. 

A preferred embodiment of the inventive needle has an outer di- 
ameter D2 for the shaft 2 of approximately 1.06 mm, an outer di- 
ameter Dl of the tip 6 of approximately 1.6 mm, a first diameter 
dl of the lumen 4 of approximately 1.32 mm, a second diameter d2 
of approximately 0.72 mm, a third diameter d3 of approximately 
0.8 mm, a length L of the tip 5 (extending up to the curved line 
1) of approximately 1.46 mm and a distance X from the curved 
line 1 to the second step 41 of approximately 1.05 mm. The ra- 
dius of curvature of the rounded edges 61 is approximately 0.15 
mm, the angle of the first step 40 approximately 34 • and the an- 
gle of the second step 41 approximately 30*. The angle y between 
shaft 3 and tip 4 lays between 10 and 15°. Here it is approxi- 
mately 150. The total length of the needle up to the curved line 
1 is approximately 30.15 ram. 

Figure S shows- a second preferred embodiment of the needle ac- 
cording to the invention. The needle is built in the same way as 
the needle according to the previously described figures The 
only difference is, that this tip 6 comprises a slit 7 extending 
xn longitudinal direction of the needle, which communicates with 
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the aspiration lumen 4. 



Figures 7 to 11 show a third embodiment of the needle according 
to the invention. The threaded portion 1 is slightly shorter 
than the one shown in figure 2. The hub 2 has not a generally 
circular cross section but a rectangular, preferably a quadratic 
one. This hub 2 and this, threaded portion 1 can also be used 
with the tips disclosed in the other embodiments and the hup and 
threaded portion disclosed in figure 2 can be used with this 
tip. 

The aspiration lumen 4 extending through the needle shaft 3 com- 
prises a second step 41 like the one shown in figure 1* However, 
this second step 41 is arranged is located outside of the tip 6. 
This second step 41 is in this case preferably arranged^ behind 
the angled portion 5. if the shaft 3 is rectilinear, the second 
step 41 is preferably arranged in a distance behind the tip 6 
which has approximately the same .length as. the tip 6. This step 
41 reduces the cross section of ,. the lumen 4, In addition, no 
first step is located within the hub 2. 

This second step 41 however can also be arranged in the tip 6. 
Furthermore, instead of this step-, the second step according to 
figure 2. can be used. The. embodiment according to figure 2 can 
also have the second step 41 being arranged in the shaft 3 in- 
stead in the tip 6, wherein the second step 41 can reduce or in- 
crease the cross section of . the opening at the distal end 62 . 
Furthermore, this second step can, but must not be conical. 

Since the opening a the distal end 62 according to this third 
embodiment, the tip 6 has a curved shape, which is slightly dif- 
ferent to the one of the first embodiment. The distal end 62 is 
less flat and the. curved line 1 is shorter. 
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Figures 12 to 15 show a fourth, embodiment of the invention In 
this embodiment, an opening 8 in the shape of a circular hole is 
located behind the tip 6. If the shaft 3 is angled, this opening 
8 is preferably located in the angled pcrtion 5. This opening 8 
communicates with the aspiration lumen 4. Like the slit 7, this 
opening 8 helps when the anterior chamber, formed of a part of 
the lumen extending in the tip, becomes unstable when occlusion 
break occurs. In this case, small amount of irrigation fluid 
will continue to flow through the aspiration lumen. Furthermore 
when occlusion surge occurs, the amount of surge can be reduced 
by this slit 7 or this opening 8. This fourth embodiment can 
also comprise instead of the opening 8 the slit 7 shown in fig- 
ure s 6. 

Figures. 16 to 18 show a fifth embodiment of the invention. Here, 
there exists no second step 41, neither in the shaft 3 nor in 
the tip 6. This embodiment can be used with the opening 8 or the 
slit 7 or without any of them. Furthermore, any of the above 
mentioned embodiments can comprise the opening 8 as well as the 
slit 7. 

A sixth embodiment is, shown in the figures 19 to 21. The first 
and second, steps 40 and 41 can- be arranged or being nonexistent 
as described in any of the previous embodiments. Furthermore, 
this embodiment can comprises an opening a and/br a slit 7 or 
none of them. The tip 6 of this embodiment still has a curved 
shaped. This embodiment however comprises instead of the flat 
distal end 62 being defined by a distal opening of the lumen 4 
at least two openings 63 of the lumen 4 being arranged in the 
region of the distal end 62.. Here, we have such four openings 
63 However, there can also be three, five or more openings. 
Preferably, the are arranged in a symmetrical manner around the 
longitudinal axis A defined by the shaft 3. These openings 63 
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have like the single opening of the other embodiments blunt or 
rounded edges 61. m order to communicate with these openings 
63, the lumen 4 is divided into sublumens 4', each sublumen 4' 
ending in one of the mentioned openings 63. This division is 
preferably made only in the tip 6. if a slit 7 or an opening » 
are provided, they can be arranged in the region of the undi- 
vided lumen 4- or the different sublumens 4' can comprise a 
subslit each ending in a common slit 7 or each sublumen 4- can 
comprise an one opening 8. 

in the above description, the shape of the tip was normally de- 
scribed a ball-shaped. However, the tip 6 can have a generally 
curved shape, preferably a ball-shaped, round, spherical, oval 
or smooth continuous curved shape. 

The needle according to the invention can. be used for the ultra- 
sonic part of the phacoemulsification procedure, i.e. for the 
removal of the cataract nucleus, as well as for the irriga- 
tion/aspiration part of the procedure, i.e. for the removal of 
the residual tissue. 
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List of reference numbers 



1 threaded portion 

2 hub 

3 shaft 

4 lumen 

4' sublumen 

4 ' ' undivided lumen 

40 first step 

41 second step 

5 angled portion 

6 tip 

60 ball -shaped surface 

51 rounded edges 

62 flat distal end 

63 opening of the lumen 

7 slit 

8 opening 

dl first . diameter 

d2 second diameter 

d3 third diameter 

D2 outside diameter of the shaft 

Dl outside diameter of the tip 

L length of the tip 

1 curved line 

X distance 

7 angle . 

A longitudinal axis 



